Purpose Traumatic central cord syndrome (TCCS) is the most commonly encountered type of incomplete spinal cord injury. TCCS typically occurs in patients over the age of 50 with a narrow spinal canal and follows an acute hyperextension injury of the cervical spine. Here, we report on the demographics of TCCS patients, their clinical course and outcomes, and the factors that may have influenced these outcomes. Methods We conducted a retrospective folder review of patients who presented to our facility between January 2004 and December 2008 following hyperextension injury of the cervical spine and with the clinical manifestations of a central cord syndrome. Patient details were obtained from the acute spinal cord injury register at Groote Schuur Hospital and the patient folders, radiographs and magnetic resonance imaging films were reviewed. Predetermined data points were identified, tabulated and analysed, with only information from the injury-related admission being included. Results An ASIA motor score of C60 on admission or discharge correlated with an 80 % chance of being able to walk at discharge from hospital. An ASIA motor score of B50 on admission correlated with an 80 % chance of not walking at discharge. An ASIA motor score of B50 at discharge meant a patient was not only unable to walk, but required placement in a spinal injury rehabilitation centre. Further, if a patient had a cervical spinal canal diameter of C8 mm they had a 50 % chance of clinical improvement and nearly 80 % chance of a functional outcome. Conclusion The Groote Schuur Hospital patient population differs from the international norm, particularly with respect to age and mechanism of injury. The ASIA motor score and cervical spine canal diameter proved to be useful predictors of outcome. Within our patient group, timing of surgery did not appear to influence the outcome.
Introduction
Traumatic central cord syndrome (TCCS) is the most commonly encountered type of incomplete spinal cord injury [1] [2] [3] [4] . Sir William Thorburn first reported the phenomenon in 1887 in an article published in Brain [5] . In the early 1950s, Schneider and colleagues further defined the clinical syndrome through a series of publications identifying its salient clinical features and discussing the indications and contraindications for surgical intervention [6] . Several investigators have demonstrated the biomechanical mechanisms of spinal cord injury in hyperextension injuries. As early as 1951, Taylor performed cadaveric myelography in specimens of varying ages, examined radiographs with the neck in various positions, and noted a distinct narrowing of the contrast column with the cervical spine in hyperextension [7] . This narrowing was attributed to compression and bulging of the ligamentum flavum with consequent impingement on the thecal sac. Taylor also noted that anteriorly located disc-osteophyte complexes found in degenerative cervical spines further reduced the cervical canal diameter and acted as points of counter pressure against which the spinal cord was compressed.
The pathological basis for central cord syndrome has not been as clearly elucidated. The traditional explanation was based on the anatomical distribution of corticospinal tract fibres supplying the upper limbs being located more centrally, and therefore more severely compromised by a centrally located spinal cord contusion or haematoma, whereas the more peripherally situated fibres supplying the lower limbs remain relatively intact [6] . More recent evidence suggests that the aforementioned explanation is flawed. The corticospinal tract appears to lose its somatotopic organisation distal to the midbrain [8] . Quencer and colleagues correlated magnetic resonance imaging (MRI) findings with post-mortem histopathological studies of individuals who had sustained central cord-type injuries [9] . Not only were the MRI findings inconsistent with a centrally located parenchymal insult, but they also found a predominance of axonal injury within the white matter of the lateral columns of the cervical cord and that the centrally located grey matter was intact. Collectively, these results establish the importance of the lateral corticospinal tracts for motor function in the distal upper limbs and hands and suggest that direct injury is more likely responsible for the clinical syndrome encountered with these injuries.
Much discussion and disagreement centres on the surgical management of central cord syndrome [4, 6, . Few fixed indications for surgical intervention are unanimous; however, there is currently a broad consensus in favour of surgical management. There is further debate as to whether timing of surgery changes the likelihood of improved neurological outcome. Evidence has been presented to support surgical intervention within 24-72 h of injury [10-14, 33, 34] , particularly for patients with vertebral fractures or dislocations, unstable injuries or intervertebral disc herniation [17, 24] . Others contend that it is better to delay surgery until the patient reaches a plateau phase of neurological improvement [35, 36] . There is more agreement amongst treating surgeons regarding the goals and nature of surgical intervention.
Patients and methods
Nine hundred and fifty-one patients were admitted to the regional acute spinal cord injury (ASCI) unit at Groote Schuur Hospital between January 2004 and December 2008. A systematic review of the ASCI register was performed and a list of patient names was generated based on information available in the patients' discharge summaries.
All patients with a history consistent with having sustained a hyperextension type injury of the cervical spine and with a neurological deficit suggesting a central cord syndrome were included. Any patient who sustained an injury to the cervical spine that resulted in gross disruption of the bony architecture was excluded. These included vertebral body fractures with collapse, displaced pedicle fractures, facet joint fractures or dislocations, and displaced lamina fractures.
Thereafter, the patient notes were reviewed for the injury-related admission period. A predetermined list of data points was collected from the folders using doctors' admission clerking notes, in-patient notes, radiology reports, surgeons' operative notes where applicable, nursing notes, physiotherapy notes, and doctors' discharge summaries. Data of interest included limited patient demographics, epidemiological data, information regarding injury mechanism, level of spinal and neurological injury, extent of neurological injury, associated cervical spine injuries and pathologies, admission and discharge ASIA (American Spinal Injury Association) Impairment Scale [37] [38] [39] [40] and Frankel [41] grading (Table 1) , admission and discharge ASIA motor scores, radiological characteristics of the injury, clinical course, presence and nature of surgical intervention, any injury-related complications, and limited discharge information. The information was collected using a secure electronic database program. X-ray and magnetic resonance imaging (MRI) films of the relevant patients were reviewed for any previously overlooked exclusion criteria, evidence of associated soft tissue injury, the presence of acute cervical disc injuries, degenerative changes and any pre-existing cervical spine pathology (Fig. 1) . Cervical canal diameter was measured on the MRI film using a wall-mounted light box, at the level of maximal narrowing corresponding to the neurological injury, on the closest to midline sagittal slice on a T2-weighted image using the provided scale conversion. Accuracy was checked using digital measuring techniques on a DICOM viewing system and was found to be to within 0.5 mm Incomplete patient records and imaging further excluded 152 patients. A total of 50 patients and 51 admission episodes were accumulated, with one patient sustaining two central cord-type injuries within the period covered. The collected data were tabulated and interrogated by the principal investigator and supervisor to identify any useful trends. The data were analysed using SPSS software (version 19.0, SPSS Incorporated, Chicago, Illinois, USA). Chi-squared analysis was used to assess the relationship between cervical canal measurements and the likelihood of requiring surgical intervention, the likelihood of clinical improvement and the likelihood of achieving a functional outcome grade. Chi-squared analysis was used to assess the relationship between patient age and the likelihood of requiring surgical intervention. Significance was set at a P value of \0.05.
Results
The selected patient population of 51 admission episodes comprised 42 males and 9 females (Fig. 2) . The age range was 13-72 years, with a mean age of 41.4 years and a median age of 42.5 years. The scenario of a low-energy frontal impact to the head resulting in hyperextension and spinal cord compromise was seen in a relatively small percentage of our patients. A much greater number of highenergy injuries were recorded, including motor vehicle accidents, major falls, violent assault and heavy blunt trauma.
Only one patient gave a history of pre-existing myelopathy and one patient had undergone previous cervical spine surgery. Twenty-eight individuals were employed at the time of their injury, 34 smoked on a regular basis and only three admitted that alcohol consumption may have played a role in sustaining the injury. Eight patients presented with a motor-sensory complete spinal cord injury, whilst the remaining 43 had an incomplete deficit. The admission neurological status of the patients was scored according to both the ASIA Impairment Scale and Frankel Grading System. A discharge Frankel grade of D or E was regarded as a functional outcome for this study. The most common vertebral level of injury was at the C3/4 disc space (n = 16). The most common neurological level was C4 (n = 26), followed by C5 (n = 13) (Fig. 3) . Despite the high incidence of high cervical cord injury, no patients were dependent on a ventilator for respiration.
The admission and discharge grading scores were compared to identify the sub-group of patients most likely to improve or benefit from more aggressive management strategies. The total number of patients at time of admission and discharge with a given grading score is shown in Table 2 . Notable changes in Frankel grading included two patients improving from A to B and A to C, respectively, two patients improving from B to C and B to E, respectively, and a further five patients improving to an E grading, two from a C grade and three from a D grade. The greatest degree of improvement was primarily from Frankel grades C and D to grades D and E. None of the patients deteriorated to a worse grade on either scoring system. ASIA motor scores were recorded on both admission and on discharge. An admission ASIA motor score of 50 or less predicted an 80 % chance of not being able to walk by discharge and a score of 60 or more on admission or discharge predicted an 80 % chance of being independently mobile. A discharge ASIA motor score of 50 or less had a 0 % prevalence of walking or being discharged home in our patient series. We reviewed the MRI images to identify any preexisting abnormalities, as there is a well-described association between an underlying cervical spine pathology, particularly stenosis, and TCCS in the elderly population [7, 10, [15] [16] [17] [18] [19] [20] [21] [42] [43] [44] [45] . Within our patient group, the overall incidence of normal cervical spines was 47 %, whereas 39 % had stenosis of the cervical canal, 12 % had a preexisting autofusion and one patient had ossified posterior longitudinal ligament. The level of neurological injury correlated predictably with the level of vertebral pathology. Over 80 % of patients under 40 years had normal cervical spine architecture, with only four patients having a stenotic cervical canal. Of the patients older than 40 years, 79 % of individuals had clear radiological evidence of pre-existing pathology.
On MRI, we measured both mid-sagittal canal and cord diameter at the level of maximum compromise and at the next normal level above and below the injury (Table 3) . The average canal and cord diameters at normal levels were 11.3 ± 1.6 and 7.1 ± 1 mm, respectively. We looked at clinical improvement and function, based on admission and discharge Frankel grades, with a canal diameter \8 mm and C8 mm (chosen to accommodate cord diameters within 1 SD of average). Those patients with a canal diameter of C8 mm had a statistically significant chance of not requiring surgery (P value 0.00005) and of achieving a functional outcome (P value 0.02030). The correlation between canal diameter and clinical improvement did not achieve statistical significance (P value 0.45735). Fig. 2 Overview of relevant patient demographics. As with most other TCCS cohorts reported in the literature, the majority of our patients were male. In contrast, most patients were injured in high energy, high speed accidents. Most of the patient cohort had no preexisting underlying spinal pathology identified on MRI Thirty-one patients underwent surgery for the management of the injury. Twelve patients were operated on via an anterior approach, the primary indication being discectomy and fusion, and 19 patients had a decompressive laminectomy via a posterior approach, with or without fusion. Time from injury to operation ranged from 1 to 108 days, with a median interval of 11 days. Only one of the patients in our series received early surgical intervention (within 24 h of injury). This patient improved from a Frankel grade C to grade D and was walking at the time of discharge to home. Seventeen patients had surgery within 2 weeks of their injury, eight improved at least one Frankel grade and nine did not improve. Thirteen patients were operated on more than 2 weeks after sustaining their injury, four improved at least one Frankel grade and nine did not improve. Four patients were operated on more than 30 days following injury and none improved clinically (Table 4) . Twenty patients were managed non-operatively (Table 5) . Ten of the patients managed non-surgically improved at least one Frankel grade and a further ten did not improve. A functional outcome was documented in 17 out of 31 surgically managed patients and 15 out of 20 non-surgically managed patients. One of the patients managed nonsurgically was discharged with a Frankel grade D deficit and an ASIA motor score of 95, but sustained a second low-energy injury 7 months later and returned with a Frankel grade C and ASIA motor score of 25. On discharge from the second admission, following a decompressive laminectomy, he had a Frankel grade C deficit, an ASIA motor score of 48 and was unable to walk. The only surgical complication encountered in our series was one superficial wound infection.
Overview of Patient Cohort
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At discharge from our ASCI unit, 51 % of patients were able to mobilise independently or with the aid of a walking frame, 37 % of patients were able to return home directly, and 14 % of previously employed individuals were able to return to work. The clinical and functional performance of the patients was only assessed on admission and again on discharge from our hospital, therefore the length of followup is short and further changes in functional performance are not accounted for. Only one patient died during the injury-related admission. Patient age of 40 years or less was shown to be a reliable indicator of not requiring surgery, and vice versa (P value 0.00005).
Discussion
The age demographic of our patient cohort varies significantly from the typical elderly male patient population described in the literature [7, 10, [15] [16] [17] [18] [19] [20] [21] [42] [43] [44] [45] . This may be explained, at least in part, by the second noticeable difference. The injury sustained by our patients more often involved a greater force than is typically described. This might result in fewer elderly patients surviving the initial insult as well as younger patients, with structurally normal Larger canal diameters were associated with a greater chance of not requiring surgery and achieving a functional outcome Non-surgical 20 10 10 15 5
Half of patients operated on within 14 days demonstrated some clinical improvement Older patients where overwhelmingly treated surgically while the opposite was true for younger patients Eur Spine J (2015) 24:195-202 199 cervical spine canals, injuring their spinal cords and exhibiting an equivalent neurological deficit. The measurement of the mid-sagittal cervical canal diameter, at the level of the injury, was performed to identify a predictor of outcome. The postulate supposed that if there was sufficient canal volume to accommodate a swollen spinal cord, and allow for spontaneous recovery, then surgery might be avoided. We grouped our patients according to a canal diameter of \8 mm and C8 mm. The dimension was chosen to coincide with the mean cervical spinal cord diameter plus one standard deviation. Patients with a canal diameter C8 mm had a much lower likelihood of requiring surgery, showed an increased prevalence of clinical improvement and experienced a greater percentage of functional outcome.
Our ASCI unit receives the bulk of its referrals from centres that do not offer any surgical management prior to transfer. This, coupled with resource and logistical restraints within our hospital, precludes the vast majority of patients from undergoing surgery within 24 h of sustaining their injury. The clinical and functional performance of the patients was assessed on admission and again on discharge from our hospital; therefore, the length of follow-up is short and further changes in functional performance are not accounted for. The single patient who was operated on within 24 h experienced both a neurological and a functional improvement in keeping with the suggestions that early surgery is preferable [10-14, 33, 34, 46] . 47 % of patients improved clinically following surgery within 2 weeks of injury as opposed to 30 % operated on after 2 weeks. This trend of neurological improvement for the patients operated on within 14 days did not translate into a trend of improved functional outcome. 50 % of the patients managed non-surgically showed neurological improvement. The superior rate of functional recovery in the nonsurgical group reflects a potential selection bias for surgery amongst the more severely injured patients. These numbers are neither supportive nor contrary to surgical intervention. We excluded patients who required surgery for injuryrelated structural instability in an attempt to better identify neurological indications for surgery.
We quantified the neurological deficit sustained by our patients using both the ASIA and Frankel scoring systems to assess which would better reflect their injury pattern and help guide management decisions. The key differences between the two systems are found in the corresponding sub-groups C and D. The ASIA Impairment Scale classifies patients according to muscle power below the level of injury, whereas the Frankel Grading System stratifies patients according to functional use of muscle groups below the level of injury. In our opinion, the latter scale may prove more useful in scoring patients with TCCS as they may have power of 3/5 or more in the limbs without functional use of the involved limbs, usually as a result of spasticity [2, 16, 47] .
Conclusion
Patients that present to Groote Schuur Hospital following a traumatic central cord injury are not typically representative of the TCCS population described in the international literature. The first key difference is the age group. Twothirds of our patients were under the age of 50 years, whereas in most other series the majority of TCCS patients are over the age of 50 years. Secondly, three quarters of our patients suffered a high-energy mechanism of injury, rather than the typical low-energy mechanism. The admission and discharge ASIA motor scores proved useful for predicting the functional outcome. Patient age correlated with whether surgery was required. The mid-sagittal cervical spine canal diameter correlated with the need for surgical intervention and functional status at the time of discharge. We were unable to offer any clarity on the benefits of emergency surgery; however, the timing of subsequent surgery did not appear to affect the functional outcome within our group.
